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FOREWORD 


This  report  was  prepared  by  Chrysler  Corporation  Missile 
Division  Uiider  Air  Force  Contract  AF  30(602)-3229,  “Analysis 
of  Maintenance  Task  Time  Data.  “  The  work  was  administered 
under  the  direction  of  the  ReUability  Branch,  Engineering  Divi¬ 
sion,  Rome  Air  Dt  .elopment  Center  with  Mr.  Frank  Mazzola 
as  Project  Engineer. 

The  study  and  investigation  was  performed  by  the  Support  Sys¬ 
tems  Engineering  Department  of  Field  Operations,  Chrysler 
Corporation  Missile  Division. 

This  report  covers  the  period  from  27  f)ctober  1963  to  29  July 
1964  on  Contract  No.  AF  30(602) -3229. 


Atm  rcf%cc«  N.  V..  jam  cs-iat 


ABSTRACT 


This  study  and  investigation  was  undertaken  to  develop  maintenance  task  time 
data  for  eiectrical,  electronic  and  electromechanical  component /replaceable 
items  of  a  ballistic  missile  weapon  system.  Maintenance  task  time  data  were 
researched  from  unscheduled  maintenance  actions  recorded  in  tlie  l/eld,  during 
the  operational  phase  of  the  JUPITER  Weapon  System  (W'S-1>T5A2)  covering  a 
period  of  three  years. 

Statistical  information  was  computed  as  minimum-time-to-repair,  maximum- 
time-to-repair  a.nd  mean-time  to-repair  (MTTR)  data  for  individual  compo¬ 
nents  Those  statistics  were  correlated  with  component  identification  both  by 
function  and  Federal  Stock  Number. 

Active  maintenance  times  were  tabulated  on  alphabetical  nomenclature  listings 
of  component/replaceable  items  grouped  by: 

(1)  A  Weapon  System  Summary  denoting  overall  system  experience. 

(2)  An  End  Item  Summary  denoting  specific  applications  within  equip¬ 
ments. 

The  active  maintenance  times  were  identified  in  these  listings  as  to  minimuoi, 
mean,  and  maximum  -time-to-repair  ’evels.  Component  ancillary  maintenance 
data  were  aLso  tabulated  on  alphabetical  nomenclature  listings  as  a  Component/ 
Replaceable  Item  Summary  with  end  item  grouping. 

These  tabulated  maintenance  task  time  vaiues  and  data  can  be  utilized  in 
technical/management  appraisals  and  planaing  for  the  engineering  of  new  weapon 
systems  and  equipment. 
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BvaluBtion 


The  objective  of  thie  stixdy  vcb  to  evaluate  technical  inalntenai^re  reports 
for  unscheduled  maiiiteruxiice  perforEied  on  an  cTpcrational  veapcn  systeni  in 
order  to  determine  the  minimxca,  mean  and  maximum  time  to  repair  coc^Kanents 
and  line  replaceable  items.  The  data  reported  is  representative  of  mainte¬ 
nance  times  vhich  can  be  expected  to  occur  in  the  actual  qperatioaal  mainte¬ 
nance  environment. 

The  study  resulted  in  the  identification  of  four  hundred  and  seven'ty- 
five  (^75)  electrical,  electroric  and  electrcmechanlcal.  items  and  eight 
hundred  and  tventy  (820)  mechanical  items  for  vhich  data  has  been  recorded. 
This  data  includes  tb.e  time  to  perform  maintenance  and  the  type  of  mainte¬ 
nance  performed.  Coc^jlete  identification  of  the  items  by  Federal  Stock 
Nuniber,  Vendor  and  Vendor  Part  Nitaber  is  also  furnished. 

The  value  of  this  data  lias  in  its  potential  application.  KnoVLedge  of 
maintenance  times  'will  enhance  prediction  of  maintainability  during  design. 

It  will  also  assist  in  the  dovclcpmeat  of  the  total  maintenance  plan  in¬ 
cluding  more  efficient  allocation  of  resources,  establishment  of  spare 
requirements  and  training  needs.  Co!i5>lete  identification  of  the  items 
proN'ldes  a  reference  for  additional  data  on  similar  or  identical  items  and, 

±11  addition,  permits  t^ie  identification  of  items  which  require  the  greatest 
maintenance  times. 

This  contractual  effort  represents  the  first  major  effort  to  develop 
mean-time-to-repair  statistics  based  iq)on  documented  maintenance  tasks.  It 
represents  an  initial  step  towards  the  development  of  a  !4al n tainabllity  Data 
Bank. 

This  iafo-T3Btion  will  be  made  available  to  government  agencies  and  con¬ 
tractors  engaged  in  the  design  of  milr'^ary  eq’uipment  to  sissist  in  the  nre- 
diction  of  maintainability  and  in  establishing  quantitative  maintainability 
requirements.  Bv  guiding  to  this  data,  through  in-the-house  and  contrartual 
efforts,  a  high  degree  of  confidence  can  be  attained  in  the  use  of  thesv. 
statistics. 


FRANK  D.  MAZZOLA 
ReliabilityOoglneerljag  Section 
Reliability  Branch 
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1.0  INTRODUCTION 


.^ir  l  orce  maintenance  philosophy  encompasses  the  principles  of  periodic  scheu- 
uied  inspections,  prt*ventive  maintenance  tasks,  unsclieduleu  iiainterjance  tasks 
hnd  mandatory  replacement  of  specified  subassemblies  at  predetermined  inter¬ 
vals.  These  maintenance  actions  are  accomplished  at  organizational,  field,  and 
depot  levels  according  to  the  complexity,  skill  level  and  equipment  requirements 
for  each  task.  Unscheduled  maintenance  is  performed  on  an  a.s-required  basis. 

With  weapion  systems  becoming  more  complex,  the  system’s  maintainal  ility 
characteristics  are  increasing  as  a  significant  factor  toward  determining  weapon 
systems  effectiveness.  Historically,  a  maintenance  analysis  is  performed  on 
each  weapon  system  and  includes  the  prediction  of  remove  and  replace  times  for 
parts,  components  and  subassemblies.  These  remove  and  replace  times  are 
based  on  best  engineering  judgement  as  a  result  of  an  evaluation  for  complexity, 
accessibilit)',  tools  and  test  equipment  requirements.  The  maintenance  analy¬ 
sis  is  the  initial  step  in  specifying  maintainability  in  quantitative  terms. 

With  the  establishment  of  maintainability  as  a  de'Jign  parametei.  quantitative 
techniques  are  required  for  specifying,  predicting  and  measuring  maintain¬ 
ability.  By  the  use  of  known  maintenance  times  for  parts,  components  and  sub¬ 
assemblies,  maintainability  characteristics  can  be  more  accurately  evaluated 
during  the  conceptual  and  definition  phases.  \Miere  maintainability  require¬ 
ments  are  not  met.  design  action  can  be  implemented  early  enough  in  the  pro¬ 
gram  t  minimize  costly  maintenance  requirements  during  the  operational 
phase.  .Also,  by  the  use  of  quantitative  maintainability  values,  the  impact  of 
, changes  can  be  evaluated  for  optimizing  system  design. 

At  the  present  time  the  application  of  qu'- ntitative  maintainability  values  is 
limited  by  the  availability  of  realistic  raean-time-to-repair  statistics.  This 
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study,  “Analysis  of  Maintenance  Task  Time  Data,”  is  an  initial  step  in  the  de¬ 
velopment  of  me  an -time -to- repair  statistics  based  on  documented  mainte¬ 
nance  actions  from  a  complete  weapon  system  in  its  operational  phase.  The 
resulting  statistics  provide  accurate  values  tor  computing  time-to-repair  in 
the  design  and  development  of  new  weapon  systems.  These  statistics  also 
provide  management  w'ith  documented  quantified  experience  for  developing  the 
maintenance  plans  of  new  systems  and  equipment. 


2.0  SUMMARY 


The  objective  of  this  project  was  to  produce  realistic  repair  times  for  mainte¬ 
nance  events  of  a  fielded  weapon  system. 

The  original  scope  of  work  was  confined  to  maintenance  task  time  data  on  elec¬ 
trical,  electronic,  and  electromechanical  components  of  the  system. 

The  informational  source  comprised  twenty  thousand  (20,000)  Work  Order 
Technical  Reports  (WOTRs)  generated  in  the  field.  These  reports  were  based 
on  unscheduled  maintenance  actions  representing  those  occurring  during  the 
operational  phase  of  the  -JUPITER  Ballistic  Missile  Weapon  System. 

This  project  was  accomplished  by  the  following  three  major  task  areas: 

Task  I:  Data  Retrieval 

Task  II:  WOTR  (Data  Source)  Analysis 

Task  IE:  .MTTR  Development  and  Presentation 

.Mean-time -to- repair  (.MTTR)  values  were  computed  and  tabulated  along  with 
minimum  and  maximum  values  for  each  level  ot  oaintenance.  Ancillary'  mainte¬ 
nance  data  were  also  retrieved,  correlated  and  tabul't  d. 

Component  active  maintenance  times  are  tabulated  ii.  .Appendix  1,  Weapon  Sys¬ 
tem  Summary,  and  .Appendix  III,  End  Item  Summary.  Component  ancillary 
maintenance  data  are  presented  in  .Appendix  IV,  Component/ Re  place  able  Item 
Summary. 


3 . 0  STT,  DY  AND  INVESTIGATION  DISCUSSION 


This  study  and  investigation  was  accomplished  in  three  parts,  each  identified  as 
a  specific  task:  (Figure  1) 

Task  I  -  Data  Retrieval 

Task  II  -  WOTR  (Data  Source)  Analysis 

Task  III  -  MTTR  Development  and  Presentation 

3. 1  Task  I  -  Data  Retrieval 

Task  I  activities  included  the  research,  selection,  classification  and  grouping  of 
Work  Order  Technical  Reports  (WOTRs;  pertinent  to  this  project.  WOTRs  con¬ 
taining  unscheduled  maintenance  information  on  this  fielded  weapon  system  equip¬ 
ment  were  researched  and  selected  from  the  Field  Data  Center.  Selected  WOTRs, 
twenty  thousand  (20, 00^')  in  uumber,  were  classified  and  grouped  according  to 
•  heir  end  item  application  in  this  weapon  system.  Each  group  represented  one 
end  item  in  this  weapon  system  of  w'hich  there  were  one  hundred  ninety-one  (191) 
end  items. 

Correlation  of  each  WOTR  to  its  end  item  application  was  made  through  the  re¬ 
corded  figure  .A  number  or  nomenclature.  In  those  cases  where  further  research 
was  necessary  to  determine  end  item  identification,  component  pail  number,  part 
nomenclature  and/or  task  description  were  used. 

3.2  Task  II  -  WOTR  (Data  Source)  Analysis 

Each  Work  Order  Technical  Refxirt  (WOTR)  was  screened  and  evaluated  for  main¬ 
tenance  information  pertinent  to  electrical,  electronic  and  electromechanical  com¬ 
ponents.  Th  s  analysis  produced  twenty-five  hundred  (2500)  WOTRs  containing 
component  maintenance  information  pertinent  to  this  project.  The  remaining 
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seventeen  thousand  five  hundred  (17,500)  WOTRs  were  returned  to  the  Field  Data 
Center  as  not  containing  maintenance  information  pertinent  to  this  study  and  in 
vestigation.  The  seventeen  thousand  five  hundred  (17,500)  WOTRs  contained 
maintenance  informati  )n  on  mechanical  components,  site  facilities  and  equip¬ 
ment  modifications. 

Further  evaluation  of  the  pertinent  twenty -five  hundred  (2500)  WOTRs  resulted  in 
identifying  thirteen  hundred  thirty- four  (1334)  WOTRs  having  usable  data  and 
eleven  hundred  sixty-six  tll66)  WOTRs  as  not  being  usable. 

Eleven  hundred  sixty-six  (1166;  reports  were  analyzed  as  not  being  usable  for  one 
or  more  of  the  following  reasons: 

•  Lack  of  maintenance  task  time  hours 

•  Lack  of  component/replaceable  item  identification 

•  Inadequate  maintenance  task  description 

•  Multiple  tasks  performed  unde,  one  work  order  without  detailed  manhour 
identification  for  each  task 

•  Fabr’cation  of  miscellaneous  items 

•  Installation  of  engineering  modifications 

The  imalysis  and  evaluation  of  thirteen  hundred  thirty-four  (1334)  usable  WOTRs 
required,  in  some  cases,  extensive  research  of  correlating  data  from  engineering 
configuration  records.  To  facilitate  the  engineering  analysis  and  evaluation  of 
these  WOTRs,  “Component/Replaceable  Item  Worksheets”  were  prepared,  in  the 
process  of  preparing  ‘'Component/Replaceable  Item  Worksheets,  ”  some  W’OTRs 
were  set  a'^ide  as  requiring  further  identification  or  clarification  of  mainteriance 
information.  These  set  aside  WOTRs,  required  either  vendor  part  number  or 
ordnance  number,  necessitating  a  great  deal  of  identification  research  to  obtain 
this  information. 

Of  the  thirteen  hundred  thirty-four  (1334)  reports  with  usable  data,  five  hundred 
thirty-two  (40"'  i  were  for  maintenance  actions  with  one  report,  one  hundred 
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nineteen  <9  t^'-f  reports,  f.fty-five  (4^^ »  with  three  reports,  twenty-live  (2^) 

with  four  reports  and  the  balance  ran^eo  from  five  to  twent>-  reports  per 
nance  action.  (A  maintenance  action  is  defined  as  one  task  performed  on  a  spe¬ 
cific  item. ) 

To  proceed  with  the  quantification  of  maintenance  task  time  data  the  following  com¬ 
ponent  data  were  retrieved  from  the  WOTRs: 

End  Item  Usr  on  - 

•  Nomenclature 

•  Federal  Stock  Numlier  (FSN» 

•  System  Use  (OGE,  MGE  or  AVE) 

Component'' Replaceable  Item  - 

•  Nomenclature 

•  Federal  Stock  Number  (FSIn’* 

•  Vendor  Part  Number 

•  Federal  Supply  Cexie  for  Manufacturer 

Repair  Time  Data  - 

•  T>  pe  of  Failure 

•  .Vetion  Taken  Code  (Code  letter  for  Repair  Work  Performed) 

•  Time  (manhours'  to  .Accomplish  Repair  (at  Organization,  Field  or 
Depot  Level' 

•  Time  (marJiours)  to  Diagnose  Failure 

•  Operating  Time  (hours'  Prior  to  Failure 

The  above  data  was  compiled  on  "Component  Rep  acea'  ’e  Item  Worksheets’  for 
computation  of  acti-  e  maintenance  times.  In  those  cases  where  WOTRs  con¬ 
tained  time  to  repa.r  information  but  did  not  contain  complete  component  identi¬ 
fication  further  research  of  additional  data  sources  was  necessary.  These  re¬ 
search  references  included: 

•  Technical  Orders 

•  Illustrated  Parts  BreakdowTis 


Parts  Lists 


• 

•  \Veai;-on  System  Equipmeni  Lists 

•  Blueprint  Microfilm  Files 

•  Federal  Supply  Codes  Catalogs 

•  Federal  Stock  Catalogs 

•  Vendor  Catalogs 

The  “Remarks”  column  was  intended  for  use  in  recording  “Time  to  Diagnose 
Failure”  and  “Operating  Time  Prior  to  Failure.”  However,  these  data  were  not 
available  in  the  anticipated  quantities  with  the  result  tha<  there  was  data  for  only 
one  entry  as  “Operating  Time  Prior  to  Failure.” 

Approximately  twenty  percent  (20^ >  of  tlie  pertinent  WOTRs  contained  a  Federal 
Slock  Number  (FSN'  However,  several  FSNs  reported  contained  numerical  errors, 
thus  requiring  verification  of  each  one  as  well  as  intensive  records  search  to 
establish  accurate  FSNs. 

FSNs  missing  from  WOTRs  had  not  been  assigned  tc  .many  components  at  the  time 
maintenance  reports  were  prepared.  Many  componeDt-;  and  end  items  were  new 
and  peculiar  to  this  weapon  system,  therefore,  FSN  processing  and  number  assign¬ 
ment  had  net  kept  pace  with  development  and  fielding  of  the  weapon  system. 

Detailed  information  concerning  “Time  to  Diagnose  Failure”  was  in  general  not 
reported  as  a  separate  element  on  WOTRs.  The  time  to  perform  diagnosis, 
however,  was  included  in  ihe  total  maintenance  time  reported.  The  WOTR  required 
only  the  manhours  to  effect  a  repair,  which  included  post-test  and  checkout  time, 
fault  solation,  and  time  to  diagnose  failure. 

One  of  three  levels  of  maintenance  (organizational,  field  or  depot)  was  determined 
for  each  WOTR.  Each  WOTR,  however,  reported  only  the  geographical  location 
used  as  a  work  area  for  performance  of  each  maintenance  task.  These  geographical 
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compatible  with  Air  Force  maintenance  man:igement,  each  report  was  analyzed 
to  establish  organizational,  field  or  depo»  as  the  level  of  maintenance  perform¬ 
ance.  This  was  accomplished  by  detailed  analysis  of  each  ia.sk  performed  and 
the  subassembly  affected.  This  information,  in  conjmiction  with  the  mainte¬ 
nance  philosophy,  maintenance  definitions  and  maintenance  analysis  experience 
permitted  the  establishm.ent  of  the  pro'ier  level  of  maintenance. 


Several  component/replaceable  items  had  maintenance  performed  at  two  or  three 
levels  of  maintenance.  This  is  attributed  to  the  various  tj^pes  of  corrective  main¬ 
tenance  actions  performed,  for  example,  simple  adjustment  at  organizational 
level,  bench  repair  at  field  level  or  major  repair  or  f'verhaul  at  depot  level. 

This  fact  becomes  evident  in  examining  the  Component/Replaceable  Item  Summar>' 
where  there  are  several  reports  for  a  component,  each  with  a  different  action 
taken  code  depicting  the  repair  work  performed. 


Removal  and  replace.ment  of  a  com.ponent  at  organizational  level  wou’d  often  re¬ 
sult  in  a  repair  action  at  field  or  depot  level,  resulting  in  at  least  two  reportable 
tasks  at  different  maintenance  levels.  .Additionally,  if  there  were  a  lack  of  spares 
to  satisfy  remove/repiace  actions,  major  repair  work  ••vas  accomplished  at  the 
organizational  level  and  reported  accordingly. 


3.3  Task  III  -  MTTR  Development  and  Presentation 

Component/Replaceable  Item  Worksheets,  prepared  from  t.iiiTeen  hundred  thirt>-- 
four  (13341  usable  WOTRs,  formed  the  basis  of  MTTR  ai.d  ancillary’  maintenance 
data  development.  The  elements  of  mai.atenance  information,  contained  on  work¬ 
sheets,  were  used  to  identify,  compute  sind  correlate  MTTR  and  anciliarv'  main¬ 
tenance  data. 
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These  developed  maintenance  data  were  prepared  in  three  separate  summaries 
to  facilitate  their  use.  These  summaries  are  identified  as  - 

•  Component/Replaceable  Item  Summary 

•  End  Item  Summary' 

•  Weapon  System  Summary 

A  description  of  each  summary  is  co.ntained  in  tne  following  paragraphs. 

3.3.1  Component/Replaceable  Item  Summary 

This  summary,  Appendix  IV,  is  arranged  by  end  item  identification  in  alphabetical 
sequence.  See  Appendix  II  ior  end  item  identification.  Average  repair  times  for 
specific  types  of  work  performed  (Action  Taken  Code)  are  established  and  listed 
without  identifying  the  level  of  maintenance.  These  average  repair  times  are  of 
value  to  an  equipment  designer  and  maintainability  engineer  in  identifying  those 
maintenance  tasks  requiring  relatively  large  expend'tures  of  manhours.  Com¬ 
ponent  selection  and  possible  alternate  designs  can  be  made  early  enough  to  pre¬ 
vent  costly  modification  or  excessive  maintenance.  WTiere  remove  and  replace 
times  appear  excessive,  the  designer  would  be  alerted  to  design  techniques  for 
reducing  task  times,  either  by  application  of  modular  concepts  or  simplification 
of  installation. 

The  developed  repair  times  and  “.Action  Taken  Codes”  can  contribute  significantly 
to  the  maintenance  management  planning  of  weaoon  systems. 

Frequency  of  repair  actions,  as  indicated  by  number  or  reports,  serve  as  a  basis 
for  developing  such  maintenance  criteria  as  periodic  inspections  and  replacement 
schedules,  required  repair  facilities  and  personnel,  and  level  at  which  to  ac¬ 
complish  (organizational,  field  or  depot). 
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Average  repair  times  are  an  adjunct  to  maintenance  management  planning  for 
reduction  of  equipment  downtime,  repair  or  discard  criteria  and  maintenance 
scheduling. 

This  summary  contains  ancillary  maintenance  data  for  five  hundred  forty-four 
(544)  component/replaceable  items. 

3.3.2  End  Item  Summary 

The  “End  Item  Summary,  ”  Appendix  III,  's  arranged  in  an  alphabetical  end  item 
sequence.  Within  each  end  item,  the  components  are  also  listed  alphabetically. 
This  summary  reflects  the  maintenance  impact  of  each  component  on  the  end 
item  maintenance  requirements.  Identification  of  maintenance  requirements 
are  further  mads  for  level  of  maintenance  and  range  of  repair  times.  The  Work 
Order  Technical  Reports,  used  as  the  data  source  in  this  effort,  represent  a 
broad  scope  of  realistic  maintenance  experience. 

In  some  instances,  repair  times  for  a  particular  maintenance  task  were  higher 
at  organizational  level  than  at  field  level  The  higher  repair  times  indicate  in¬ 
adequate  facilities  and  test  equipment  at  that  work  area  to  perform  that  particular 
maintenance  task. 

In  the  design  and  development  stages  of  a  new  weapon  system,  the  end  item 
summary  of  component  repair  times  would  be  a  significant  reference  source 
in  part  selection  for  optimum  maintainability.  They  would  also  be  of  value  during 
the  maintenance  analysis  phase  for  establishing  level  of  repair,  manhour  require¬ 
ments,  manning  levels,  repair  or  discard  criteria,  as  well  as  other  required 
factors  of  maintenance  management  planning 


11 


■•W'* 


This  summarj’  contains  active  maintenance  times  for  five  hundred  forty-four 
(544)  component/replaceable  items. 

3.3.3  Weapon  System  Summary 

The  "Weapon  System  Summary,  *’  Appendix  I,  is  arranged  alphabetically  by 
component.  This  summary  combines  all  applications  of  identical  components 
in  one  listing.  MTTR  and  ancillary  maintenance  data  presented  in  this  summary 
represent  the  impact  of  each  component  on  the  weapon  system,  and  thus  is  realistic 
when  utilized  in  quantitative  systems  maintainability  analyses. 

WTiere  the  difference  between  minirium  and  maximum  component  repair  time  is 
small,  the  MTTR  represents  a  well  established  maintenance  task.  Where  time 
spread  is  small  and  MTTR  is  heavily  concentrated  toward  a  minimum  or  maxi¬ 
mum  value  and  a  larger  number  of  reports  have  been  recorded  about  the  con¬ 
centrated  end,  there  is  a  definite  indication  of  at  least  one  abnormal  or  unusual 
repair  action.  If,  at  organization  or  field  level  the  spread  is  large  and  the  MTTR 
is  approxumately  an  average  of  the  extremes,  it  could  be  an  indication  that  this 
is  not  an  optimum  level  of  repair,  and  should  be  accomplished  at  the  next  higher 
level  where  greater  skills  and  equipment  are  available.  Problems  contributing 
to  this  may  be  lack  of  personnel  training  or  motivation,  available  spares,  facilities 
or  transportation.  This  is  felt  to  be  apparent  in  instances  where  organizational 
or  field  or  depot  level  times  are  significantly  different. 

The  maintenance  task  time  data  developed  as  a  result  of  this  study  are  valid  and 
realistic,  since  it  was  based  on  actual  maintenance  experience  of  a  fielded  weapon 
system. 
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A  study  to  include  all  operational  life  data  would  create  a  greater  depth  of  in¬ 
formation  and  enhance  the  value  of  MTTR  statistics  in  both  the  quantification  of 
maintainability  criteria  and  maintenance  management  planning. 

This  sommary  contains  active  maintenance  times  for  four  hundred  seventy'-five 
(475)  component/replaceable  items.  (Note:  This  difference  in  component 
statistics  is  due  to  multiple  application  of  identical  components  at  the  system 
level. ) 
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4.0  ACTIVE  MAINTENANCE  TEVIE  DISCUSSION 


4. 1  Maintenance  Task  Time  Data  Sources 

The  basic  data  source  for  this  study  consisted  of  Chrysler-developed  Work  Order 
Technical  Reports  (W’OTRs)  which  were  employed  both  to  manage  maintenance  and 
to  satisfy  a  technical  reporting  requirement  of  contractor  management.  These  re¬ 
ports  provided  maintenance  action  information,  manhours  actually  required  to 
accomplish  maintenance  actions,  and  sufficient  ident’^ication  to  pinpoint  hardware  to 
the  component/replaceable  item  level.  The  WOTR’s  supporting  this  study  and  in¬ 
vestigation  were  generated  in  several  geographic  locations  for  deployed  ballistic 
missile  systems. 

The  “Time  to  Accomplish  Repair”  recorded  on  the  V.  oTR  was  the  actual  time  {in 
manhours)  expended  to  accomplish  the  maintenance  tasks.  The  maintenance  task 
times  reported,  in  general,  did  not  include  separate  identification  of  fault  isolation 
time,  diagnostic  time,  repair  time  and  checkout  time.  However,  the  overall  times 
as  reported  included  the  time  for  these  maintenance  actions. 

“Operating  Time  Prior  to  Failure”  was  generally  not  recorded  on  the  WOTRs. 
Operating  times  should  have  been  recorded  on  “Missile  System  Status  Records”, 
.AFTO  Form  2,  but  these  records  are  not  in  tlie  contractor’s  Field  Data  Center. 

The  general  absence  of  elapsed  time  meters  and  lack  of  provisions  to  measure  and 
document  operating  times  of  deployed  equipment  continues  to  restrict  the  availability 
of  raw  data  necessary’  for  maintainability’  and  reliability’  purposes. 
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4.2  Analysis  Guidelines 


Only  those  WOTRs  reporting  expended  maintenance  task  times  for  electrical, 
electronic,  and  electro-mechanical  components  were  segregated  for  evaluation. 
All  WOTRs  reporting  manhour  estimates  for  performimce  of  maintenance  tasks 
were  excluded  from  this  study.  Only  WOTRs  reportirg  actual  manhour  expendi¬ 
tures  were  employed.  While  this  criterion,  i.e.,  exclusion  of  estimates,  further 
restricted  the  number  of  valid  raw  data  reports,  it  was  believed  necessary  to 
take  this  approach  in  the  interest  of  quantifying  only  actual  experience. 

Many  WOTRs  were  also  excluded  because  they  reported  a  variety  of  tasks  per¬ 
formed  under  one  work  order  without  detailed  manhour  identification  for  each 
task.  Here  again,  it  was  believed  that  exclusion  of  these  data  was  preferred 
rather  than  arbiL  ary  allocations  of  th*  total  t  mes  reported  v\hich  could  result 
in  artificial  situations  open  to  challenge. 

The  JUPITER  Weapon  System  had  a  configuration  of  one  hundred  ninety-one  (191) 
end  itenjs.  The  weapon  system  was  subjected  to  a  wide  ’*ange  of: 

(1)  Environmental  Conditions 

(2)  Storage  Conditions 

(3)  Transportation  Modes 

Other  significant  factors  contributing  to  the  generation  of  the  WOTRs  is  the  in¬ 
fluence  of  a  number  of  variables  such  as: 

(1)  Personnel  Capability  and  Motivation 

(2)  Equipment  Complexity 

(3)  Support  Facilities 

(4)  Geographic  Location 

The  scope  of  this  study  and  investigation,  as  well  as  the  availability  of  raw  data, 
resulted  in  maintenance  time  data  for  components  in  forty-three  (43)  of  these  end 
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items  as  identified  in  Appendix  II.  Those  end  items  not  failing  within  the  scope 
of  this  study  included  end  items  of  a  purely  mechanical  nature  as  well  as  plat¬ 
forms,  hoists,  trailers,  tractors  and  similar  weapon  system  equipments. 

Consideration  was  given  to  the  determination  of  an  MTTR  for  each  major  end 
item  for  which  component  MTTR  data  had  been  developed.  Investigation  of  this 
matter  resulted  m  the  conclusion  that  a  realistic  MTTR  could  be  developed  for  an 
end  item,  but  that  there  would  be  additional  data  requirements  beyond  those  pre¬ 
sently  available  for  electrical,  electronic  and  electro-mechanical  components. 
These  would  include  additional  corrective  maintenance  data,  such  as  :  MTTR 
for  mechanical  components,  interface  and  subsystems  analyses  and  definitions, 
and  preventive  maintenance  task  time  when  resulting  in  downtime,  A  greater 
depth  and  scope  of  data  than  are  presently  available  would  be  required  in  order 
to  arrive  at  meaningful  MTTR  statistics  for  major  end  items.  Based  on  these 
findings,  MTTR  data  for  end  items  are  not  presented  in  this  report. 

Maintenance  personnel,  organized  as  mobile  maintenance  teams,  in  many  in¬ 
stances  performed  all  levels  of  maintenance.  In  those  cases  where  WOTRs  did 
not  clearly  identify  the  level  at  which  the  maintenance  action  was  performed 
(organizational,  field  or  depot),  maintenance  engineering  knowledge  of  the  sys¬ 
tem  was  utilized  to  identify  the  proper  maintenance  level. 


16 


4.  3  Active  Maintenance  Time  Values 

Each  nl^intenance  action  time,  as  reported  on  a  VVOTR,  was  recorded 
against  the  appropriate  component/replaceable  item  and  identified  with  a 
level  of  maintenance.  Mean-time-to-repair  (MTTR)  values  were  computed 
by  summing  the  individual  maintenance  action  times  and  dividing  this  total 
by  the  total  number  of  maintenance  actions,  all  of  which  occurred  during  the 
same  period  of  calendar  time,  and  within  the  same  level  of  maintenance. 
Minimum  and  maximum  times  were  established  by  selecting  the  minimum 
and  maximum  times  reported  and  appearing  on  the  listings  of  individual 
maintenance  actions.  WTiere  only  one  repair  time  was  listed  for  a  component, 
this  time  was  recorded  as  the  presently  established  value  for  minimum  and  max¬ 
imum,  as  well  as  the  mean-time-to-repair. 

The  nuHTber  of  items  with  only  one  reported  maintenance  action  is  the  result  of 
many  influencing  factors.  The  corrective  maintenance  reports  providing  the 
raw  data  for  this  study  were  generated  by  random  failures.  Improved  preven¬ 
tive  mainhinance  measures  and  “field  fixes"  precluded  re-occurrence  of  some  of 
these  failures.  High  inherent  reliability  coi'tributed  significantly  to  only  one 
reported  failure  of  some  items.  Also,  operation  of  a  component  below  its  iesign 
stress  levels  extended  its  useful  life,  reduced  the  failure  rate,  and  resulted  in 
fewer  or  no  requirements  for  corrective  maintenance. 
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4.  1  Ancillary’  Maintenance  Data 


The  code  letters  depicting  the  repair  work  performed,  used  in  Appendix  IV 
herein  and  listed  in  Appendix  V  herein,  were  taken  from  paragraph  9.  14  of 
AFM  66-1,  “Maintenance  Management  for  Depot,  Field  and  Organization.  ’’ 
Although  the  action  taken  codes  are  listed  primarily  against  individual  com¬ 
ponents,  there  are  instances  where  they  are  not  directly  applicable  to  that 
component  and  the  next  upper  assembly  must  be  considered  as  to  its  in¬ 
fluence  on  the  maintenance  action.  (Note  that  this  is  also  a  con.sideration 
for  the  maintenance  time  values  in  tne  case  of  a  nonrepairable  item,  such 
as  a  resistor  or  capacitor,  where  the  maintenance  action  involved  the  as¬ 
sembly,  but  could  be  attributed  to  a  part  failure.) 

Based  on  action  taken  codes  (repair  work  performed),  the  following  re¬ 
sults  were  noted: 


•Action  Taken  Code 

No.  of 
Reports 

Percent 

R  -  Remove  and  Replace 

725 

54 

A  -  Bench  Check  and  Reiiair 

245 

13 

L  -  .Adjust 

74 

5.5 

G  -  Repair. /Replacement  of  .Attaching  Units 

65 

4.9 

F  -  Repair  (includes  calibration  if  needed) 

65 

4.9 

Q  -  Installed 

40 

3 

K  -  Calibrated  (no  repair) 

32 

2.4 

B  -  Bench  Checked  -  Serviceable 

29 

2.2 

U  -  Replace  after  Cannibalization 

22 

1.6 

C  -  NRTS  (Not  Reparable  this  Station) 

15 

1.1 

E  -  Equipment  Checked  -  no  repair  required 

12 

0.9 

X  -  Test,  Inspect,  Sen  ice 

6 

- 

Y  -  Troubleshoot 

5 

- 

T  -  Removed  for  Cannibalization 

2 

— 

X  -  Paint 

2 

_ 

P  -  Removed 
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It  is  signiijc'aiil  lo  nt'te  ih.it  remove  and  replace  actions  (action  taken  code  -  II) 
fomi  !Sf  ci  the  .najor  effort  (51":  of  maintenance  tasks  performed. 

“Bench  Check  and  Repair,  Code  A,  was  next  in  order  of  significance  (18  "d* 
Analysis  ui  this  data  w'ouid  serve  as  a  basis  for  establishing  repair  or  discard 
criteria  lor  various  items,  as  well  as  aid  in  maintainability  and  logistic  plan¬ 
ning. 

Code  L  ~  Adjust,  was  third  in  frequency  of  occurrence.  Although  scattered 
throughout  the  system,  they  do  point  out  the  need  for  maintenance  actions 
and  further  maintenance  analysis  could  result  m  reduction  or  elimination  of 
some  of  these  actions. 

The  balance  of  the  coded  .tions  classify  the  remaining  maintenance  actions 
and  utilization  of  repair  times  of  each  could  be  of  value  in  maintenance 
management  planning. 

i.  5  Data  Application  Comments 

During  prellminar}-  analysis  and  design  of  new  weapon  systems,  a  quantitative 
maintenance  analysis  must  be  performed  initially  at  the  system  level.  Per¬ 
formance  of  a  quantitative  maintenance  analysis  at  the  system  level  must  be 
based  on  the  quantitative  characteristics  of  those  individual  components  pro¬ 
posed  for  each  design.  WTien  these  components  or  similar  function  components 
are  applied  to  new  weapon  systems  designs,  their  known  maintenance  task  time 
values  (quantitative  characteristics)  provide  the  means  for  quantitative  mainte¬ 
nance  analysis  of  the  proposed  design. 
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The  task  times  indicated  lorm  a  basis  for  determining  total  down-time  effect 
of  the  particular  actions.  The  majo’*ity  epai’*  appear  reasonable. 

For  those  that  seem  excessive,  a  designc  a.  utiliain^  .he  data  would  be- 
alerted  to  seeking  a  substitute  and  a  maintenance  analyst  would  possibly 
recommend  the  task  be  performed  at  a  higher  level  where  greater  personnel 
skills  and  more  adequate  tools  and  equipment  would  be  available.  The  fre¬ 
quency  of  occur’-ence  would  b“  of  value  in  establishing  provisioning  support 
requirements. 


20 


5.  0  CON'CLUSIONS  AND  RECOMMENDATIONS 


Performance  ol  this  engineering  study  and  investigation  produced  several  signifi¬ 
cant  results.  In  addition  to  those  presented  under  the  Summary,  Section  2,  other 
results  included  Important  findings  related  to  this  project.  These  findings  are 
denoted  below  as  conclusions  and  recommendations. 

5.  1  Conclusions 

Conclusions  reached  as  a  result  of  this  study  are  - 

•  -Mean-time-to-repair  (MTTR)  statistics,  developed  in  this  study,  will 
provide  actual  values  from  which  to  predict  time  to  repair  of  compio.ient/ 
replace  .e  items  in  the  Air  J-orce  inventory. 

•  Contractor  generated  maintenance  reports  (WOTRs)  provide  valid  data 
sources  for  development  of  MTTR  statistics. 

•  Engineering  analysis  and  development  techniques  described  in  this  study 
proved  satisfactory  for  development  of  MTTR  statistics. 

•  Data  presentation  formats  developed  as  part  of  this  study  facilitate  the 
use  and  application  of  MTTR  statistics. 

5. 2  Recommendations 

Recommendations  based  on  the  findings  of  this  study  are  - 

•  This  study  should  be  extended  to  include  MTTR  statistics  for  mechanical 
components  of  the  JUPITER  Weapon  Sysic.n. 

•  -Additional  data  sources,  applicable  to  the  JUPITER  Weapon  System 
should  be  investigated  Tor  potential  MTTR  statistical  information. 
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•  Additional  MTTR  statistics  should  be  developed  using  available 
Air  Foi'ce  maintenance  data  reports  from  other  selected  weapon 
systems  and  equipments. 
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APPENDIX  I 


WEAPON  SYSTEM  SUMMARY 
(COMPONENT  ACTIVE  MAINTENANCE  TIMES) 
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MAJOR  END  ITEM  IDESTIFICATTCK 


Major  Sad  Items  of  the  Jupiter  Weapon  System  were  identified  by  Figure 
'A"  nvmbers  as  well  a:  ncmenclature  and  Federal  Stock  Numbers. 

A  lasjor  end  item  is  defined  as  a  finished  item  caaplete  within  itself 
ard  ready  for  its  intended  use. 

The  Figure  "A"  numbers  were  assigned  ir  accordance  with  Air  Force  policy 
for  rapid  and  ready  reference  to  and  Identification  of  the  many  end  items 
that  constitute  a  complex  weagixm  system. 

In  some  cases  the  Federal  Stock  Number  is  preceded  by  th.  '“tters  '  I-iBAF' 
or  "MEAD",  These  letters  Indicate  that  the  itea  is  stockt  ..  primarily  by 
the  Mobile  Air  Materiel  Area  (MOAKA)  and  for  a  particular  weapon  system. 

It  is  not  necessarily,  howe/er,  an  item  peculiar  to  that  weapon  system. 

The  major  end  items  listed  are  those  for  vrifS  aain -enrnce  at.;  -fc;e 
Sviuisvics  for  electrical,  electronic  srd  electro-mechanical  conq^onents 
wems  applicable. 

Fig.  "A" 

No. _  Nomenclature  Federal  Stock  Number 


M 

MJ.38lle 

7 

Zlectrlcal  Equipment  Trailer 

MEAF  4935-710-2555 

5 

Power  Distribution  Trailer 

3.450-710-2499 

f 

100  KW  Mobile  Diesel  Generator 

1450-7IC-250I 

7 

Missile  Transport  Trailer 

1450-710-2503 

a 

Fuel  Transjwjter 

1450-710-24^ 

9 

LOX  Trai^sporter  M32A4 

23^'n  0-2497 

13 

Nitrogen  Service  Trailer 

1450-710-2506 

Ik 

Eydio-Pneumatlc  Trailer 

1450-710-2496 

25 

LOX  Transfer  Trailer 

1450-710-2500 

52 

Theodolite  Assy,  Short  Range 

MBAF  4935-’r?9-tt?25 

55 

Vertical  Tail  Shelter 

1450-710-2490 

54 

i 


I 


I 

I 


0 


?"lguTe  ’  A' 


r’ederal  Stock  Hvanber 


96 

102 

105 

132 

202 

20U 

205 

207 

208 

209 
216 

219 

220 
221 
222 

223 

224 

225 

226 

225 

230 

236 

238 


240 


Nomenclature  _ 

Launch  Control  Trailer 
Load  Bank  A.sy,  Modified 
Fault  Isolation  Irailer 
Vacuum  Pump,  Trailer  Mounted 
Cleaning  and  Purging  Equipment 
ST-90  Test  Set 
Frequency  Standard  Set 
Eleotrlcal  Test  Equipment 
Power  Control  and  Distribution 
Console 

Motor  Generator,  Power  Dist. Trailer 
Inverter  &  Synchronizer  Assy,  MOD  1 
Guidance  Computer  Test  Set 
Ccntrol  Cocqiuter  Test  Set 
Inverter  Test  Set 
Program  Device  Test  Set 
Networks  Components  Test  S*.t 
Angle  of  Attack  Transducer  Test  Set 
Electro-Hydraulic  Actuator  Test  Set 
Distributor  Test  Set 
Electric,  Hydraulic,  Pneumatic 
CQBq>onent8  Test  Set 
Rocket  Engine  Test  Stand 
Grouiid  Auxl31ary  System  Test  Stand 
Fuel  Trailer  Test  Set 
Liquid  Oxygen  Transfer  Trailer 
Test  Set 

Pc/ver  Distrlhutlcxi  Trailer  Test  Set 


1440-710-2491 
MBAF  493'..713-7b38 
MBAF  4933-710-2549 
MEAD  1430-611-5485 
MBAF  4935-713-5952 

6525-759-5696 

6110-766-5J*36 

6125-767-0939 
MBAF  4935-710-0679 
MBAF  4935-710-2550 
MBAF  4935-713-0407 
KBAF  4935-713-0486 
MBAF  4935-713-0405 
MBAF  4935-713-0484 
MBAF  4935-713-0497 
MBAF  4935-713-0489 
KBAF  4935-713-0458 

MBAF  4935-713-0499 
MBAF  4935-713-0501 
MBAF  4935-714-4539 
MBAF  4935-713-3335 

MBAF  4935-713-0491 


55 


Ncraenclature 


Figure  "A" 
242 

2U3 

249 

254 

401 

>*71 


LOX  Tanking  Coeiiwter  Test  Set 

LOX  Repleaishli:^  Control  Valve  Test 

Set 

Missile  Checkout  Unit 
Battery  Charger,  AC  Powered 
CXildance  txA  Control  %st  Consoles 
Liquid  Oxygen  and  Nitrogen  Generating 
Plant 

Kotor  Generator,  26V  DC 


Federal  Stock  Humber 

meaf  4935-713-3326 
bip-224-60O4 

3655-MG 3692-22 

6125-767-0939 


56 


Following  is  an  alphabetical  listing  of  major  end  items  for  which 
maintenance  task  tiitte  statistics  for  electrical,  electronic  and  electro¬ 


mechanical  ccaaponents  were  developed: 

Nomenclature _ _ 

Angle  of  Attack  Transducer  Test  Set 

Battery  Charger,  AC  Powered 

Cleaning  and  Purging  Equipment 

Control  Computer  Test  Set 

Distributor  Test  Set 

Fleitrical  Equipment  Trailer 

Electro-Hydraulic  Actuator  Test  Set 

Electric,  Hydraulic,  Pneumatic  Components 
Test  Set 

Electrical  Test  Eqiipnient 

Fault  Isolation  Trailer 

Frequency  Standard  Test  Set  Set 

Fuel  Trailer  Test  Set 

Fuel  Transporter 

100  KW  Kbile  Diesel  Generator 

Ground  nu/.iliarj’-  System  lest  Stand 

Guidance  Computer  Test  Set 

Guidrtice  and  Control  Itest  Consoles 

Hydro- Pneumatic  Trailer 

Inverter  and  Synchronizer  Assy.,  Mod  1 

Inverter  Test  Set 

Launch  Control  Trailer 

Liquid  Oxygen  and  Nitrogen  Generati.ng  Plant 
Liquid  O.xygen  Transfer  Trailer  Test  Kit 
Lead  Bank  Assy.,  Modified 


Federal  Stock  Number 
MBAF  i+935-713-Oi^7 
6130-222-6204 
MBAF  4935-713-5952 
MBAF  4935-713-0487 
MBAF  4935-713-0488 
MBAF  4935-710-2555 
4935-713-048-9 


MB*‘F 

4935- 

710-2549 

0625- 

709-5696 

MBAF 

4935- 

714-4539 

1450- 

710-2492 

1450- 

TiO-2501 

MBAF 

4935- 

713-0501 

MBAF 

4935- 

TlO-2550 

1450- 

•710-2498 

MBAF 

4935- 

•  riO-0679 

MBAF 

4935- 

713-046o 

l44o- 

.'10-2491 

3655- 

FSJ3592-22 

MBAF 

4935- 

713  3305 

MEAF 

4935- 

■713-^638 

57 


BoBenclature 


Federal  Stocic  Sumber 


LOX  Tanking  Ccaaputer  Tea  Set 

LOX  Replenishing  Control  Valve  Itest  Set 

Wf.  Transfer  Trailer 

LOa  Transporter  M32A4 

Missile 

Missile  Checkout  IMit 

Missile  Transport  Trailer 

Motor,  Generator.  26V.  DC 

Retvorks  Ccsiponents  Test  Set 

Nitrogen  Service  Trailer 

Power  Control  and  Distribution  Ccaasole 

Power  Distribution  Trailer 

Power  Distribution  Trailer  Test  Set 

Prograa  Device  Test  Set 

Rocket  Engine  Test  Stand 

ST-90  Test  Set 

Bieodolite  Assembly,  Short  Ramge 
Vecinaa  Punp,  Trailer  McAmted 
Vertical  Tail  Shelter 


1450-710-2500 

2330-710-2497 


MBA?  4935-713-3326 

2450-710-250^ 

6125-767-0939 

MBA?  4935-713-0484 

1450-710-2506 

6110-766-5436 

1450-710-2499 

MBA?  4935-712-0491 
MBA?  4935-713-0485 
MBA?  4935-713-0499 

MBA?  49 J5-779-7625 
MBAD  1450-611-8485 
1-'‘50-710-2J^ 
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COMPONENT/SEPUCLASLC  I  TIM  SUWAWY 


APP«©i.:  V 


'ACTION  lAKKN  c;ODi::J  " 

’'Act Ion  Taken  Code^"  -  alphabcLic  desl^atlons  -  define  specii'lc  main¬ 
tenance  tasks  performed  on  weapon  system  items  and  are  a  significant 
part  of  the  Air  Force  Maintenance  Data  Collection  dystem.  lliey  are  one 
segr, -^nt  of  the  data  used  for  inspection  emd  maintenance  r^qMlrementa 
analysis  and  are  readily  adaptable  to  electronic  accounting  machine  (EAMj 
methods  of  data  reporting. 

ITie  :ode3  are  taken  frcm  paragraph  9"!'*  of  the  Air  \  orce  Manual  on  Main¬ 
tenance  Management,  AFM  oo-l.  Change  7  August  19  3* 

ACil  JN  TAi-:rH  CODFG 

A.  oench  Checked  and  Repaired  -  This  code  will  be  entered  \dien  bench 
chect  and  repair  of  any  one  item  is  accomplished  at  the  sane  time  (also 
see  'ode  F). 

u.  ench  ChccKed-Servlceable  (No  hepalr  Required;  -  IMs  code  will  De 
entered  when  the  item  is  tench  checked  and  no  repair  was  required, 
c.  .ienen  ^hec.;ed-.-epalr  Deferred  -  fhis  code  will  oe  entered  when 
tenen  cnec/.  is  acconplisned  and  repair  action  is  deferred,  (see  code  F). 

1.  -ench  ^aecdea-UH/C  (Hot  keparacle  this  Station)  (Hepair  Hot  Author- 
icea.  -  .ais  cede  will  :-,e  entered  when  the  shop  is  not  authorized  to 
■icccrr.pllGl:.  tae  repair.  Tals  code  will  not  oe  usea  ur.leas  the  repair 
)f  tte  iter,  la  specifically  pronibitea  oy  current  .echnlcal  direc¬ 
tive.'.. 

..  .  eaca  -.;ec/.-Ii....j-Lac.;  of  ..qulpment,  .ools  or  racllltles.  -  Chls 
code  ..'ll!  ;.e  entered  when  repair  cannot  be  accomplished  due  to  lack  of 
eq'ciprert,  'tOcla  or  feclllties.  Lacr.  of  authorization  for  the  re¬ 
quired  rqulpmen.  does  not  preclude  use  of  this  code. 

3.  -ench  .:hecr.ed-HR.C>-Lacic  o:  -echnical  qkIIIs  -  .his  code  will  be 


entered  when  repair  cannot  be  accomplished  due  to  lack  of  technically 


qualified  people 


SencG  Jheci5jei-I»R.3-LacK  of  Far"  a  -  .ais  code  vlll  Le  entered  vr.en 
parts  aure  not  available  to  acconplisa  repair. 

^ .  ^encn  ^ae  Cfted-NRla-oaop  ^asAlog  -  -r.is  code  will  te  entered  vr.en 
repelr  cannot  oe  accoHiplished  due  to  excessive  shop  bac/tlog. 

b,  bench  Jhe cited -Ki?rS»LacK  of  technical  Data  -  ."his  code  will  Le 
entered  when  repair  cannot  be  arconplished  due  to  lacx  of  maintenance 
manuals,  drawings,  etc.,  which  descrlte  detailed  repair  procedures 
and  requirer.ents. 

7.  Bench  Ghecbed-KRTS^Excess  to  £aae  Requirements  -  .bis  code  will 
be  entered  when  rei>alr  will  not  be  scheduled  for  chop  repair  due  to 
item  being  excess  to  base  requirements. 

c.  For  Future  Use. 

9.  Bench  Cheeited-Condegmed  -  This  code  will  te  entered  wdieE  the 
item  cannot  be  repalreo.  and  is  to  be  processed  for  condemnation;  re¬ 
clamation  or  salvage,  fhis  code  •id.ll  also  be  used  when  a  '  ccn- 
doaned  condition  is  discovered  during  field  maintenance  disassembly 
or  repair. 

D.  For  Future  use 
“•  ^or  Future  Use 

*  Ihls  code  will  not  ce  used  to  ''ode  on-equipoent '  worx  if 
another  code  vlll  i^ly.  *ftien  it  is  used  in  a  shop  environment,  this  code 
will  denote  repair  as  a  separate  unit  of  w'or.c  after  a  lencr.  ohec.b.  vhop 
repair  Incl'ides  the  total  repair  zcanhours  and  includes  cleaning,  disassem¬ 
bly,  inspection,  adju8ta«it,  reassemcly  and  lutrlcation  of  minor  ccstpon- 
ents  Incident  to  the  repair  ^en  these  services  are  performed  by  the  same 
work  center. 

G,  Repair  and/or  Heplacenent  of  Attaching  'Jnlts,  Beals,  Zs^'&szs,  PacKing, 
Slecrtrlcal  bosoneetions.  Wiring  Circuits,  Tubing,  Hose  Connectors,  Fittings, 
Etc.  -  Work  unit  codes  often  do  not  identify  Itons  which  fall  into  this 
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cate(;ory.  iherefore,  when  items  of  this  nature  vnot  identified  by 
a  work  units  code)  are  repaired  or  replaced,  this  action  taken  code 
will  te  used.  In  case  ol'  douot  regarding  which  ccmponent  to  Identl- 
!'y  in  the  work  unit  code  block,  the  work  unit  code  of  tJiC  component 
serviced  will  be  used.  For  example:  If  a  cannon  plug  on  the  landing 
gear  actuator  does  not  have  a  work  unit  code,  the  code  for  the 
landing  gear  actuator  will  be  entered  in  Block  7  of  the  AFVO  Forms 
210/. '11. 

}1 .  i  qulpnent  Checked  -  Ho  i^epair  Hequlred  (for  "on-eqtilpment  work 
only)  -  ihis  code  will  be  used  for  all  discrepancies  which  are  checked 
and  fo'und  to  require  no  further  madntenance  action,  ihis  code  will 
be  used  only  if  It  is  definitely  determined  that  a  reported  deficiency 
does  not  exist  or  cannot  be  duplicated. 

J.  Calibrated  -  Ho  Ad.lustmenL  Pequired  -  Use  this  code  when  an  item 
is  calibrated  ana  found  seirvlceaole  without  need  for  adjustment.  If 
the  lte.ms  require  rdjusjnent  to  meet  calibration  standards,  use  Code 

K. 

Jaliurated  -  Adjustment  Hequlred  -  ise  this  code  when  an  item 
ust  be  adjusteu  to  meet  calibration  standards.  I  the  item  needs  re¬ 
al  r  in  audition  to  calibration  and  aljusunent,  use  Code  F. 

.  nUjus:  -  Includes  tighten,  adjust,  bleed,  balance,  rig,  and  fit. 
nter  this  code  whenever  a  particular  discrepancy  is  cleared  by  ad- 
justln;',  etc.,  the  item.  If  the  identified  component  also  required 
replaoemeni  : its  and  pieces  as  well  as  adjustment  (new  points,  con¬ 
denser,  tubes,  etc.)  enter  the  appropriate  repair  code  Instead  of  L. 

•  •  ^'i"jus5grit  le  -  .his  code  will  te  entf  red  for  disassembly  action 
tuien  .,he  ca:5plete  maintenance  Jot  is  broken  into  parts  and  reported 
as  suen. 
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Aasenble  -  "lil*  code  will  be  entered  for  ass^bly  action  idien  the 


coiplete  Euilntenance  Job  1»  broken  Into  parte  and  reported  as  such. 

P.  ReMOved  -  IMS  code  vlU  be  entered  when  an  Item  is  renoved  and  cmly 
the  renoral  is  to  be  account€»d  for.  In  this  instance  delayed  or 
addlticmal  actiems  vlU  be  accounted  for  separauely.  (iVIso  see  Codes  Q, 
R.  S.  T.  and  U), 

Install "^ed  -  This  code  vlll  be  entered  when  an  Iteia  is  ins -ailed 
and  only  the  installation  action  is  to  be  accounted  for.  (Also  see  Codes 
P,  R,  3,  T,  and  U). 

R.  Reetove  and  Replace  -  This  code  will  be  entered  when  an  itoo  is  re¬ 
moved  and  another  like  item  is  installed.  (Also  see  Codes  T  and  u). 

3,  Remove  and  Reinstall  -  This  code  %rlll  be  entered  when  an  item  is 
removed,  for  any  reastm,  and  the  same  item  reinstalled.  (Also  see  Codes 
T  and  U). 

T.  Removed  for  Cannibalization  -  xliis  code  will  be  entered  when  a 
ccBq?onent  is  cannibalized.  T?.e  work  unit  code  will  identify  the  compon¬ 
ent  being  cannibalized. 

U.  Replaced  after  Cannibalization  -  ITiis  code  will  be  entered  when  a 
ccBTpoafoit  is  replaced  after  cannlralization. 

V.  Clean  -  This  code  will  be  entered  when  cleaning  is  acccmplished  and 
is  not  accounted  for  under  Code  F.  This  code  is  used  to  Indlcai-e  a  fix 
or  a  precautiem  to  ellalnate  the  possibility  of  Toture  I-  nicle.  Incliides 
washing,  acid  bath,  buffing,  sandblasting,  degreasing,  etc.  Cleaning  and 
washing  of  equipment,  that  is,  aircraft,  missiles,  etc.,  support  general 
codes  in  the  -06  code  manuals  will  be  used  for  these  actions  and  thij 
action  code  will  not  be  used. 

W.  Deferr^  -  -his  code  will  be  used  when  the  completion  of  a  Job  (tmit 
of  work)  is  deferred  for  an  appreciable  length  of  time.  A  later  repair 
actiem  requires  an  AFTO  Foim  with  the  a^ropriate  action  taiten  code. 
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ies^-Inspee^-aervlcc  »  This  code  will  be  entered  wb^'n  m  it«B  ia 
seated  or  serviced  (other  than  bench  chech)  and  no  repair  is  required, 
iliie  code  does  not  include  servicing  or  ini^etioQ  chargeable  to  siqpport 
general  work  unit  codes. 

'troubleshoot  -  Enter  this  code  ^en  the  time  e<pendsd  in  locating  a 
specific  problea  is  great  enough  to  separate  the  troubleshoot  tliae  froe 
the  repair  time.  The  use  of  this  code  necessitates  the  cospleticm  of  two 
separate  forms,  one  for  the  troubleshoot  phasf,  and  another  for  the  re¬ 
pair  phase. 

P*lot  «  Includes  painting,  stenciling,  lettering,  installing  decals, 
etc.  This  code  xujrmalljr  Includes  preliminary  preparations  sudi  ae  clean¬ 
ing,  sanding,  corroaion  control,  etc. 
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APPEBDIX  ?I 


mSSUB  WEAPOH  SrSTEK 


Maicteiuuice  a&d  inspectloQ  activlT^lea  of  the  Weapon  Systes:  vere 

perfomed  In  au:cordaace  vlth  the  requireaente  of  United  State*  Air  Force 
Teduileal  Orderi. 

Sdidtuled  aaintenaace  Inapectlon  and  replacaisent  idiiloaq;hy  vere  eatab* 
Uahed  by  the  -h  inapeeticn  annual  prepared  apecifleally  for  the  weapon 
syatea. 

Detailed  maintenance  manuals  vere  prepeured  for  major  end  Items  and  sub¬ 
assemblies  containing  instructions  for  repair,  adjustment,  replacement 
ani  troubleshooting  as  applicable. 

2.0  Inspection 

In  conscmance  vith  overall  Air  Force  equipment  maintenance  policies, 
prime  responsibility  for  reliable  operatlota  remained  vlth  the  using 
actlvltle*  and  vher-  determined  as  necessary,  frequency  and  scope  of  in¬ 
actions  vere  varied  to  compensate  for  geographic  location,  climate  or 
other  pertinent  criteria.  Additionally,  inspectiraa  requirements  were 
analyzed  to  determine  if  equipment  Items  vere  being  over  or  under  in¬ 
spected  and  adjustments  made  accordingly. 

Inspection  schedules  cemsisted  of  daily,  pwriodlc  and  special  inspec¬ 
tions  for  the  ballistic  missile  and  associated  ground  equipment  at  the 
laua<h  osplaeasent  and  Missile  Assembly  and  Maintenance  Shop  (MAHS)  area. 
Ihe  requirements  vere  stated  in  stxffident  detail  to  identify  the  equip¬ 
ment  to  be  inspected,  desi^iate  inspection  interval  required  and  deter- 
adiie  serviceability  oxidltian. 

2.1  Daily  Inspeetioos  -  Ihe  daily  Inspections  vere  primarily  a  visual 
iiuipaetiom  (preventive  aaintenanee)  to  detect  maladjustamts,  obvious 
daBMge,  oomMilon,  lealcs  ai:d  equipsKst  failures,  vhleh,  if  not  <^rrected 
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vould  affect  tbe  weapon  system  operptional  reedlnesa 


2.2  Periodic  Inspections  -  Periodic  Inspections  wer.  composed  of  func- 
tlonal  testH  and  insjectlons  performea  at  repetitive  intervals  over  a 
sixty  (oO)  day  period  lliese  Insp'  ctlons  were  performed  cr  rj^bsystoos, 
rather  than  Individual  coonan*^ts,  azid  were  accomplished  at  7-dfy,  IS- 
day,  P-day  and  bO-day  Intervals, 

2.3  Si>eclal  Inspections  -  These  wie  lnsi>ectlou  requirements  that 
suppleaented  the  previously  outlined  periodic  Inspections,  They  were 
only  accomplished  oecause  of  specific  events  or  other  than  normal  cir¬ 
cumstances,  or  uptai  occurrence  of  specific  conditions  during  routine 
inspections,  Axso  Included  were  Inspection  requirements  not  readily 
adaptable  to  the  periodic  intervals,  for  example,  inspection  based  on 
cycles,  operational  hours,  etc.  Special  inspections  were  primarily 
accomplished  at  six  and  twelve  month  Intervals  and  incrments  of  oper¬ 
ational  time. 

2,i+  MAMS  Area  Inspections  -  I'he  MAMS  Area  inspections  consisted  of 
proven -ive  maintenance  and  f'onctional  test  insnections  necessary  to  aaln- 
aln  -  .e  . ‘.ain -enance  ^rouni  c/oipjent  (MGi)  such  as  test  and  checkout 
equipment,  at  the  degree  of  serviceability  required.  They  similarly 
Included  dally,  periodic  and  special  Inspections,  based  on  calendar 
time  end  cycle  or  operatlraial  hours, 

2,^  Heplac«aent  Schedxzle  -  *he  replacesient  sdiedulec  list  the  leajor  sub- 
as  semi  lies  and  end  items  that  required  mandatory  replacestmt  based  on 
operating  time,  calendar  time,  or  cycles  or  all  as  ^[^roprlatc.  Replace¬ 
ment  of  a  particular  item  was  accomplished  at  the  inspection  period 
nearest  the  specified  replacement  fiv^quency, 

2.&  Laundi  idnplacement  -  At  t.ie  launch  eaplacsment  (or^Ktlzational  level) 
minor  inspections,  such  as  daily  and  preventive  maintenance  types,  were 
perfonaed  oy  operating  persoirel  assigned  to  the  launch  sites.  Ma,jor 


Inspecticcos  Involving  functlpnal  u.-sts  and  apeclal  -es'-  equipa  it  were 
acsoop  iahed  uy  mobile  maintenance  teams,  consisting  of  tecbnlcal  special¬ 
ists  in  electr<HilC6,  hydraulics,  subaystescs  etc.  .he  motile  maintenance 
teams  were  based  at  the  ^.AMS  area  and  performed  tasks  at  launch  si  .es  on 
an  as-required  oasis. 

J.O  Maintenance 

; -ain -enanc#"  o‘‘  .he  weapon  system  was  acccmplisned  by  :ollo'.vlng  the 
ples  of  Air  Force  maintenance  management  philosophy  detailed  as  first 
through  fifth  echelon,  and  now  identiiied  as  organisation  (user  level/, 
field  (repair;  and  depot  (major  overhaul  it  ci_. 

Instructions  for  repair,  adjustment  troubleshooting  or  other  means  for 
correcting  deficiencies  were  delineated  in  maintenance  manuals  for  all 
major  end  items  and  subaasemolles  of  the  weapon  systm. 

3.1  At  the  user  level  (launch  site),  maintenance  consist  1  of  minor  re¬ 
pairs  and  preventive  maintenance,  such  as  luurlcatlon,  corrosion  preven¬ 
tion  and  repair  of  minor  leaks, 

3.2  Where  troubleshooting  and  removal  and  replacement  of  major  su.  assem¬ 
blies  and  coBiporents  were  required  to  effect  impairs  at  the  launch  site, 
:.30blle  maintenance  teams  from  the  ^^AMS  area  were  utilized,  -oth  for 
schediHed  ai^  imscheduled  maintenance  tasks. 

3.3  Repair  of  major  subasseoDlles,  ccBiponents,  and  tirae-limi.ed  items  re¬ 
moved  based  on  the  replacement  schedule,  was  nccccpllshed  at  the  MAfJ. 

This  •'>,’~p''Oxlinated  depot  level  repairs  in  seme  Instances,  idiere  acili-ies 
and  repair- parts  were  available. 

3.^  Depot  repair  az^  cverhaul  of  such  itemis  as  rocke-  engines  “^  id  air 
bearing  gyros  '.»ere  accccpHshed  at  the  appropriate  Air  I'Aterlei  Area  or 
contractor  facilltltea  within  the  Continental  United  States. 
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Ai'fiHUiA  VII 


MA-LfiXLHAfK;!.  OKi-’I/ilTlOHS 

A.  MJ..-5TD-775  Coated  Q  Apr..!  1.^6U) 

^  -  Accive  Maintenance  Time  -  Hie  tiiae  during  which  preventive 
and  corrective  raaintenance  work  is  actually  being  done  on  the  item. 
A. 2  Maintenance  -  All  actions  necessary  for  rcoaining  an  item  in. 
or  restoring  i -  to  a  serviceable  condition.  Maintenance  includes 
servicing,  repair,  aodification,  overhaul,  inspection  and  condition 
determination. 

A. 3  Maintenance  Task  -  Any  action  or  actions  required  to  preclude 
the  occurrence  of  a  malfunction  or  restore  an  equip8s**nt  to  satisfac 
tory  operati.ng  co.nditj.on. 

A. k  .Mean-Time-To-Repeir  ({fTTR)  -  The  statistical  mean  of  the  dis¬ 
tribution  of  times-to-repair.  The  susanation  of  active  repair  tioses 
duTiUg  a  given  period  of  time  divided  by  the  total  number  of  mal- 
funct.ons  during  the  same  time  interval. 

B.  Hie  United  States  Air  Force  Dictionary  (Amended  November  1957 

B. l  Organization  Maintenance  -  That  meinteiiaiice  which  a  using 
orga.nization  performs  on  its  own  eqUipoenT .  Organization  mainten¬ 
ance  includes: 

inspection 

Clean—ng 

Servicing 

Preservation 

LuDr. cat -on 

Adjustme.'it 

M-nor  repa-r  not  requ-ri.ng  detailed  disassembly 
Replacerae.nt  of  minor  t>arts  not  rcqu-r.nr  technical  skill.  Thi 

*ype  of  maintenance  was  foi'merly  iiVided  into  two  parts,  known  as 


227 


'firs,  echelon  Eaintenemce •  and  ' aecood-echeloa  maintenance*. 


•^'2  t  :i.eld  I4alntenance :  -  The  maintenance  given  aircrai't  or  other 
equipment  by  the  maintenance  group  at  wing  level.  Equivalent  to 
what  was*  formerly  called  ’third-echelon  maintenance*,  .his  mainten¬ 
ance  requires  ;;'irtain  fixed  ahopa  and  unit  assemblies  not  avadlable 
for  organ!  latlonal  luslntenance. 

B.3  Depot  Maintenance:  -  Tiie  main tanance,  repair,  or  modification 
given  aircraft  of  other  equlpnent  requiring  aiajor  oveihaul  or  com¬ 
plete  rebuilding  of  cejrtain  parts,  and  usually  provided  fo’^  only  at 
an  air  depot.  Fomerly  called  '  fourbh-echelrai  maLlntenaace ' .  .he 
more  extensive  shop  equipment  atui  the  nigher  technical  sxiU  of  per- 
soonel  that  enter  into  depot  Bsdntecance  distinguish  it  from  flelc. 
maintenance. 
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T*r'Tr\^'^- #1  ▼  -rynT  ^  />/^rv»\»^ 

«  ^■^£S.  ui 

.—  .I  ly . . 


Ihls  is  a  coding  sya’"«a  of  noc-slgnlficant  five  digit  D'Jt.c.er» 
asFigned  to  establisiuaents  which  are  sanufacturers  of  supply  pro¬ 

cured  by  agencies  of  the  Federal  joverssaent. 

Vendor  codes  used  on  the  data  sheets  for  Identifj'lng  manufacturers 
were  tajfen  froci  Cataloging  Handbooits  and  H4-2,  Federal  Supply  Code 

for  Manufacturers  dated  October  19^3#  with  Supplements  dated  February 
I9O4,  and  April  190**  respectively. 

Handbook  Eh-l  Is  an  ali^ahetlcal  listing  of  manufacturers  with 
assigned  supply  codes  and  Handbook  H4-2  is  a  nicaerlcal  listing  of  code 
n’jnoers  vitn  the  ^ognlzant  manufacturers.  Ihelr  use  eliminates  the 
possltillty  of  error  in  source  identification,  simplifies  recording  of 
/endor  Identification  and  is  readily  adaptable  to  electronic  account¬ 
ing  machine  (iAX)  processing  of  ijaforaatlan. 

A  typical  example  from  Handbook  H4-I  is: 


liAM:  xpr 

Chrysler  Corporation  Itissile  Division  0^723 

of  jefenst  Operations  Division, 

«arren,  ichlgan 
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13  ABSTI^AC* 

This  study  and  Investigation  was  undertaken  to  develop  aaintenance  ta^  tiae  data 
for  ca:5)onent/repiaceahle  it<Eis  of  a  ■ballistic  nissile  system.  Maintenance  task 
tiiae  data  were  researched  frora  unscheduled  aaintenance  actions  recorded  in  the  fieli 
daring  the  operational  phase  of  the  JUPl'IER  Weapon  Qystea  (WS-315A2)  covering  a 
period  of  three  years. 

Stati-tical  information  was  cocputed  as  minimum- tiine-to-repadr,  maocimum-tlme-to- 
repair  and  rgan-time-to-repair  (MTTR)  data  for  individual  cccpcaaents.  ISiese  sta¬ 
tistics  were  correlated  with  cojgxment  identification  both  by  function  and  Federal 
Stock  Number. 

Active  raintenance  times  were  tabulated  on  alphabetical  noraenclrture  listings  of 
c<a:5>onent/replflceable  items  groi5)ed  by: 

(1)  A  ’veapon  i^'stem  Sunaacty  denoting  overall  system  e^qperience. 

(2)  An  End  Item  Sumciary  denoting  specific  applications  within  equipments. 

The  active  maintenance  times  were  identified  in  these  listia^'B  as  to  minimum,  mean, 
and  maximum-tir«-to-repair  levels.  CoBgjonent  emciHaiy  aaintcmcce  data  were  also 
tabulated  on  alphabetical  nomenclature  listings  as  a  Ccnponent/Replaceable  Item 
Summar:,-  with  end  item  groining.  (c<mtinued) 
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